Introduction
Recently, new ironmaking processes, such as FASTMET, 1) ITmk3 2) and HiQIP, 3, 4) have been developed and proposed. These processes are characterized as rapid production methods of iron, whether solid or liquid, by the direct contact of the iron oxide fine with the solid carbon fine. A coal agglomerated with the iron ore usually contains sulfur contaminating the reduced virgin iron during the reaction.
Therefore, the behavior of sulfur in the carbon-bearing iron oxide pellet has been studied during heating at 1 100-1 300°C and the desulfurization from the reduced iron has been measured.
Experimental Procedure

Characteristics of Carbon-bearing Iron Oxide
Pellet Iron ore is the high grade hematite ore from Australia. The chemical analysis is shown in Table 1 . Carbon material is a coal from Australia showing the proximate and ultimate analyses in Table 2 .
Carbon content in pellet is controlled to be about 2 % higher than the stoichiometric value for the reduction of iron oxide. That is, 78.6 wt% iron ore and 21.4 wt% coal are mixed and agglomerated to the size of 16Ϯ1 mm diameter by the experimental pelletizer.
The dried pellets have the crushing strength of 7.5 kg/pellet, the apparent density of 2.36 g/cm 3 , the true density of 3.20 g/cm 3 , the porosity of 26.3 % and the volume of 2.1 cm 3 . Table 3 shows the chemical analysis of dried pellets.
Experimental Apparatus and Procedure
A horizontal electric furnace with the high alumina reaction tube with the inner diameter of 50 mm was used for the reaction of pellets. Pellet samples are placed on the sample holder and set in the low temperature zone of the reaction tube. The furnace is heated up to the given temperature in the atmosphere of N 2 gas or H 2 ϩN 2 gas mixture with the flow rate of 2 l/min. The samples are pushed into the furnace center controlled at a given temperature. The progress of reaction is monitored by the gas analysis of H 2 , O 2 , N 2 , CH 4 and H 2 S in the waste gas. H 2 S is used for recognizing the desulfurization progress of coal. After the reaction, samples are quenched into the water for the analysis of residual sulfur.
Experimental Results
Desulfurization of Coal
About 1.5 g of coal fine is pressed into the cylindrical tablet with 15 mm diameter and heated for 20 min in the 30 %H 2 ϩ70 %N 2 gas mixture. The change in volatile matter (VM) and removal of sulfur are detected by the gas analysis of CH 4 and H 2 S, respectively. VM has volatilized in about 5 min in the rapid heating at 900°C, about 4 min at 1 100°C and about 3 min at 1 300°C.
After 20 min heating, the apparent desulfurization ratio (1Ϫ%S temp /%S RT ) is estimated to be about 15 % by the ultimate analysis.
Sulfur is removed properly into the waste gas judging from the chemical analysis of samples. But H 2 S analysis in the waste gas detected the value under the measuring limit of the instrument. This is probably because H 2 S concentration in the waste gas is very low and the sulfur compounds is able to adhere on the wall of gas through pipe.
Change in Sulfur Content of Pellet During Reduction
Iron oxide in the carbon-bearing iron ore pellet is reduced by the heating in N 2 gas or H 2 ϩN 2 gas mixture. Progressing the reduction, it is expected that the amount of carbon and sulfur in the pellet will decrease and that sulfur is removed into the waste gas and the reduced iron, while the iron mass in the pellet should not change during reduction. Molar ratio of sulfur to iron introduces the following indexes which will most felicitously express the change in sulfur content of the pellet.
Note
Molar ratio of sulfur to iron
Mass of removed sulfur relative to that of iron Figs. 1 and 2 . Both figures make the followings clear. The higher desulfurization ratio is introduced by the heating at higher temperature irrespective of atmosphere. The sulfur removal keeps abreast with the increase of H 2 content in the atmosphere. On the heating at 1 300°C, about 60 % sulfur is removed during 10 min heating in the H 2 /N 2 : 30/70 gas mixture.
Distribution of Sulfur in the Pellet
The distribution of sulfur in the pellet has been observed by the back scattering electron image (BSE) and the characteristic X-ray image of EPMA. It is clearly found that sulfur distributes uniformly, like stardust, in the coal particles at the beginning of heating. After heating for 8.4 min, sulfur reduces in the coal particles and accumulates on the several points of the boundary between the reduced iron and the residual carbon like the lucid stars as shown in Fig. 3. 
Sulfur Removal from Reduced Iron
Sulfur in the carbon-bearing iron oxide pellet is partially removed into the waste gas during the heating at high temperature and some part of sulfur residues in the reduced iron. Desulfurization of the reduced pellet has been studied according to the following procedure.
First of all, the carbon-bearing iron oxide pellet is heated and reduced for 30 min at 1 300°C in the N 2 atmosphere. The reduced pellet with residual sulfur is cooled down to 1 100°C in one hour. After that, the reduced pellet has been kept at 1 100°C in the atmosphere changed from N 2 to 30 %H 2 ϩ70 %N 2 gas mixture. The desulfurization ratio of the reduced pellet is shown together with the chemical analysis in Table 5 .
The desulfurization ratio D s is estimated as the calculating base of sulfur content at 6 min after the complete change of the atmosphere. Figure 4 shows the relation between the desulfurization ratio and reaction time. It is clearly found that the desulfurization progresses almost linearly
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[%Fe] Table 4 . Experimental results on the sulfur removal of carbon-bearing iron ore pellets. with time during the 30 min reaction.
Conclusion
The behavior of sulfur in the carbon-bearing iron oxide pellet has been studied by heating at the temperature of 1 100-1 300°C and the desulfurization of the reduced iron has been measured. It is found that;
(1) Sulfur content in the carbon-bearing iron oxide pellet decreases with increasing temperature, (2) Sulfur disappears with increasing hydrogen content in the atmosphere.
(3) Under the heating for 8 min at the temperature of 1 300°C, sulfur decreases only about 20 % in N 2 atmosphere and 50 % in 30 %H 2 ϩ70 %N 2 atmosphere.
(4) When the reduced iron which contained sulfur is heated in the atmosphere of 30 %H 2 ϩ70 %N 2 at 1 100°C, the desulfurization progresses almost linearly with the heating time and desulfurization ratio reaches 40 % for 30 min heating.
(5) Sulfur distributes uniformly in the coal particles at the beginning of heating. After heating for 8.4 min, sulfur is accumulating on the several points of the boundary between the reduced iron and the residual carbon.
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